Abstract. Acute effect of Mao-Bushi-Saishin-To (Ma-Huang-Fu-Zi-Xi-Xin-Tang in Chinese: MBS) on histamine release was investigated. The IgE-mediated anaphylaxic response in Wistar rats was significantly suppressed by MBS and Mao. However, Saishin and Bushi had no or little effect on the antigen-mediated anaphylaxic reaction. Mao as well as MBS but not Saishin nor Bushi inhibited IgE-mediated histamine release from rat basophilic leukemia (RBL-2H3) cells. Consistently, MBS and Mao but not Bushi nor Saishin increased cAMP levels in RBL-2H3 cells. However, ephedrine, methylephedrine, and pseudoephedrine, the main components in Mao, did not affect histamine release. From these results, increase of cAMP levels may account for the inhibitory effect of Mao on histamine release. Furthermore, these inhibitory actions of MBS were mainly due to Mao with an ingredient(s) different from ephedrines.
Introduction
Mast cells are distributed widely throughout the body and are important in the development of acute inflammation, allergic disorders such as asthma, some cancers, and in defense against helminthic parasites (1) . Within seconds to minutes of activation, mast cells release from their secretory granules histamine and other mediators such as enzyme and chemotactic factors. Released histamine increases vascular permeability and recruits inflammatory leukocytes (2) . The rat basophilic leukemia cell line RBL-2H3 is a cultured analogue of mucosal mast cells and is an excellent model system in which to study the mechanism of secretion (3) .
The Kampo medicine Mao-Bushi-Saishin-To (MaHuang-Fu-Zi-Xi-Xin-Tang in Chinese: MBS) contains the three herbal constituents Mao (Ephedra herb), Bushi (Aconiti tuber), and Saishin (Asiasarum root), in a ratio of 4:1:3, and has long been prescribed for the treatment of various inflammatory disease (4) . MBS has been reported to be effective for the treatment of various symptoms of cold, especially nasal congestion and for seasonal allergic rhinitis (5, 6) . It has been reported that Mao (7) and Saishin (8) each have anti-allergic action and Bushi (9) has anti-inflammatory action.
Recently, Ikeda et al. described the anti-allergic mechanism of MBS given in long-term treatment (10) , whereas the acute effect of MBS is still not clear. Here in this report, we have studied the effect of MBS on the release of histamine and its effect in in vivo and in vitro.
Materials and Methods

Homologous passive cutaneous anaphylaxis (PCA) in rats
Male Wistar rats (7-week-old) were purchased from Japan SLC (Hamamatsu). Rats were sensitized i.d. with the mouse anti-dinitrophenyl (DNP) monoclonal antibody (Seikagaku Co., Tokyo) preparation (5 mg / kg) for 24 h on their shaved backs. Subsequently they were injected with 100 ml, i.p. of the drugs. After 60 min, they were anesthetized with sodium pentobarbital (40 mg / kg, i.p.), and challenged (i.v.) with 25 mg / kg dinitrophenylated bovine serum albumin (DNP-BSA; Cosmobio, Tokyo) containing 1% Evans blue. Thirty min later, the rats were killed and the amount of extravasation was evaluated by measuring long and short diameters of the area of the dye spots.
Histamine-induced cutaneous reaction
The rats were injected with 100 m l, i.p. of the drugs. Sixty minutes later, 1% Evans blue was introduced i.v., and subsequently histamine (0.5 mg / kg) was injected on their shaved backs. Thirty minutes later, the rats were killed and the skin was removed to measure the area of the dye as described above.
Cell culture
RBL-2H3 cells (Japanese Cancer Research Resources Bank, Wako) were grown in Eagle's minimum essential medium (EMEM; Nissui Pharmaceutical, Tokyo) with 10% heat-inactivated fetal bovine serum (ICN Pharmaceuticals, Tokyo) at 37°C in an atmosphere of 5% CO 2 in air. For experiments, the cells were seeded at a density of 10 5 cells / well in a 12-well culture plate and were used 3 days after seeding.
Measurement of histamine release from RBL-2H3 cells
The cells plated in culture dishes were washed with a PIPES buffer consisting of 140 mM NaCl, 5 mM KCl, 0.6 mM MgCl 2 , 1.0 mM CaCl 2 , 5.5 mM glucose, and 10 mM piperazine-N,N'-bis (2-ethanesulfonic acid) (PIPES), pH 7.4. The cells were passively sensitized with 0.5 mg / mL mouse anti-DNP IgE for 60 min. The cells were then washed with PIPES buffer, incubated with drugs for 10 min, and then stimulated with 0.1 mg / mL DNP-BSA for 30 min at 37°C.
Histamine contents in the supernatant and in the cells were determined fluorometrically according to the procedure described by Shore et al. (11) . Histamine release (%) was expressed as the percentage of the amount of released histamine to the total amount of histamine (released and intracellular remaining histamine). Since MBS and its constituents are brown in color, we measured the fluorescence of the sample containing MBS or its constituents without histamine and subtracted the values as background fluorescence to avoid the interference of these colors with colorimetric measurement.
cAMP content
The cAMP content was measured with a radioimmunoassay. A phosphodiesterase inhibitor, 3-isobutyl-1-methylxanthine (IBMX, 1 mM), was added 5 min before the treatment with or without drugs into PIPES buffer. After an additional 5 min, PIPES buffer were discarded and the samples in the multi-well plate were dried at 37°C for 10 min. Thereafter, the cells were treated with 5% trichloroacetic acid solution. After centrifugation, trichloroacetic acid in the supernatant was removed by washing with water-saturated ether, and the succinylated cAMP was assayed in a competitive radioimmunoassay (Yamasa Co., Choshi) using a gamma counting system (Packard Cobra, Albertville, MN, USA).
Materials
Drugs and their sources were as follows: Mao-BushiSaishin-To (MBS), which was the hot-water extract from the mixture of Ephedra herb (Mao) / Aconiti tuber (Bushi) / Asiasarum root (Saishin) = 4 / 1 / 3. The respective extracts from Mao, Bushi, and Saishin were also used. All the Chinese plants employed in this study were imported from China and their extracts were prepared by the same method: Each was extracted with a defined volume of boiling water for 1 h and then the extract was lyophilized. The same lots of these extracts and materials were used throughout the experiments. All of these MBS and its constituents were kindly supplied from Kotaro Pharm. Co., Ltd (Osaka).
Ephedrine, methylephedrine, and pseudoephedrine were isolated as reported previously (7). All other chemicals were purchased from Wako (Osaka).
Statistics
Results of the experiments are expressed as means ± S.E.M. Significance was tested with Student's t-test, or Dunnett's multiple comparison test when comparisons involved more than two groups. P values smaller than 0.05 were considered significant.
Results
Passive cutaneous anaphylaxis in rats
In the sensitized rats with anti-DNP IgE, injection of DNP-BSA caused the leak of Evans blue into the skin, which can be the index of the intensity of homologous PCA reactions. The effects of 1000 mg / kg MBS and its herbal constituents in the same amount as in MBS (500 mg / kg Mao, 125 mg / kg Bushi, or 375 mg / kg Saishin) on homologous PCA in rats were compared with that of 1 mg / kg ketotifen, which is an inhibitor of chemical mediater-release as well as an antagonist of H 1 receptor. MBS significantly inhibited the PCA reaction in rats to an extent comparable to ketotifen (Fig. 1) .
Among three constituents, Mao significantly inhibited the IgE-mediated allergic reaction to a similar level as MBS. Bushi was not effective in this experiment, while Saishin showed slight inhibitory effect (Fig. 1) .
MBS and Mao inhibited the PCA reaction in a concentration-dependent manner with the ED 50 values of 326 and 224 mg / kg, respectively (Fig. 2) . (Fig. 3) . Among the three constituents of MBS, only Mao showed an inhibitory effect on anti-IgE-induced histamine release, while Bushi and Saishin did not inhibit it even at the concentrations of 200 m g / mL (Fig. 4) . 
Effect of ephedrine on PCA reaction in rats and histamine release from RBL-2H3 cells
Effect of ephedrine, main component in Mao, on the PCA reaction in rats was examined. Ephedrine did not show any significant effect on PCA even at 20 mg / kg (Fig. 5A ). Ephedrine and its derivatives, methylephedrine and pseudoephedrine, did not affect the IgEmediated histamine release in a concentration range of 50 to 200 m g/ ml (Fig. 5B) .
cAMP contents in RBL-2H3 cells
As shown in Fig. 6A , MBS increased cAMP content in RBL-2H3 cells at the concentration that inhibited the histamine release from RBL-2H3 cells (Fig. 3) . Mao also increased cAMP content (Fig. 6B) . However, neither 200 mg/ ml of Bushi nor Saishin significantly increased cAMP level in RBL-2H3 cells (Fig. 6B ).
Histamine-induced cutaneous reaction in rats
Effects of MBS and its constituents on histamineinduced cutaneous reaction in rats were examined to evaluate their effect on the function of released histamine. As shown in Fig. 7A , MBS and Mao as well as ketotifen, inhibited histamine-induced the cutaneous reaction. Bushi and Saishin also inhibited the reaction slightly but significantly. On the contrary, ephedrine showed no effect (Fig. 7B ).
Discussion
We have studied the acute anti-allergic action of MBS in in vivo and in vitro. As Shibata et al. reported previously (12) , MBS inhibited PCA in dose-dependent manner. When the effects of each constituent in the same amount as in MBS were compared, Mao inhibited PCA to the similar level as MBS did. Therefore, it is reasonable to conclude that the main part of the MBSinduced inhibition of PCA is due to Mao.
To determine the site of action of MBS, we examined the effects of MBS and its constituents on histamine release from IgE-activated RBL-2H3 cells. Higher concentrations of MBS inhibited histamine-release in a concentration-dependent manner; and among the three constituents, only Mao, but not Bushi nor Saishin, inhibited it. Comparing the concentration and inhibitory effect of MBS and Mao, it is reasonable to conclude that Mao may account for the main part of the inhibitory effect of MBS on histamine-release since the content of Mao in MBS is 50%.
Consistent results were observed that MBS increased cAMP content in RBL-2H3 cells with the similar concentrations that inhibit histamine release. This effect was also observed only in Mao and neither Bushi nor Saishin increased the cAMP level. It is well established that the increase of cAMP interferes with the function of mast cells (13, 14) or RBL-2H3 cells (15, 16) , so the increase of cAMP may account for the inhibitory effect of MBS on histamine release in RBL-2H3 cells. MBS and Mao significantly inhibited the histamineinduced cutaneous reaction in rats. However, when cAMP increased in the microvasculature, it may affect the intracellular signal transduction and prevent vasopermeabilization (17 -19) . Accordingly, a compound that increases cAMP may act in a similar manner to an anti-histaminergic compound. Therefore, the result that MBS and Mao inhibited the histamine-induced cutaneous reaction is not unexpected. However, this result does not exclude the possibility of an anti-histaminergic effect of MBS. Indeed, Bushi and Saishin show a small but significant inhibition of the histamineinduced cutaneous reaction. Further experiments are necessary to evaluate this possibility.
On the other hand, ephedrine showed no effect on histamine-induced cutaneous reaction and on PCA. These results are consistent with the result that ephedrines did not inhibit histamine release from RBL- Fig. 6 . Effects of Mao-Bushi-Saishin-To and its constituents on cAMP contents in RBL-2H3 cells. A: RBL-2H3 cells were treated with each concentration of Mao-Bushi-Saishin-To (MBS) for 10 min in the presence of 1 mM IBMX, and the accumulation was terminated with 5% TCA. B: RBL-2H3 cells were treated with Mao (500 m g / ml), Bushi (125 m g/ml), or Saishin (375 mg/ml) for 10 min in the presence of 1 mM IBMX, and the accumulation was terminated with 5% TCA. cAMP contents of the treated cells were normalized with that of the untreated cells. *P<0.05, Dunnett's multiple comparison test (A). **P<0.01, Student's t-test (B). Fig. 7 . Effects of Mao-Bushi-Saishin-To, its constituents, and ketotifen on histamine-induced cutaneous reaction in rats. MaoBushi-Saishin-To (MBS, 1000 mg/kg), Mao (500 mg/kg), Bushi (125 mg/kg), Saishin (375 mg /kg), or ketotifen (1 mg/kg) was administered i.p. 60 min prior to injection of 1% Evans blue followed by i.d. application of histamine (0.5 mg /kg) (A). Each concentration of ephedrine was administered i.p. 60 min prior to injection of 1% Evans blue followed by i.d. application of histamine (0.5 mg / kg) (B). Thirty minutes after application of histamine, the area of dye was measured after sacrificing the animals. Each column represents the mean ± S.E.M. of 4 -6 animals. *P<0.05, **P<0.01; Dunnett's multiple comparison test.
2H3 cells. However, Shibata et al. (12) demonstrated that p.o. administration of ephedrine inhibited PCA, while in our result, i.p. application did not inhibit it. The reason for this discrepancy is not clear and further studies are required.
Since ephedrine derivatives, major components of Mao, had no effect on histamine release, another component distinct from ephedrine derivatives in Mao increase cAMP. There are some reports that Ephedra herb or Ephedra root contain alkaloids, other than ephedrines, that show hypotensive activity (20 -22) . Since the increase of cAMP decreases blood pressure, these alkaloids may be the candidates accounting for the inhibitory effect on histamine-release. Furthermore, some flavonoids are reported as a PDE inhibitor or inhibiting anaphylaxis or an inhibitor of chemical mediator release from mast cells (for review, see 23) . At this moment, there is no information about whether Mao contains flavonoids identical with or similar to those reported ones; however, flavonoids may be other candidates for the effect on histamine release.
Taken together, an ingredient other than ephedrine derivatives in Mao are responsible for the increase of cAMP and resulting inhibition of histamine release from RBL-2H3 cells and also resulting in the inhibition of the increase of vasopermeability. This effect may account for the inhibitory effect of MBS on IgEmediated PCA.
